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Introduction
In Korea, the death rate attributable to cancer accounts for 28.6% (2014) of total mortality and this rate increased from 23.8% in 2000 and 25.8% in 2002 to 27.0% in 2005. By 2013, the number of cancer patients grew by 94.2% (225,343) compared to that reported in 2002 (116,034) . This implies a constantly widening demand for medical services by cancer patients. In addition, out-of-pocket payments for cancer patients have decreased and this has contributed to the overall improvement of medical services. However, in reality, out-of-pocket payments remain high considering the high rate of covered charges and thus, are a burden to both households and the nation. To address this issue, the Korean government is implementing a detailed policy that expands coverage to four major diseases with higher health expenditure burden: cancer, heart disease, cerebrovascular disease, and rare intractable disease.
Catastrophic health expenditure (CHE) is an index denoting health expenditures in the context of household affordability. In other words, it refers to health expenditures exceeding a certain threshold of household income or family expenditures. However, catastrophic health expenditure is a relative concept, that is, it depends on a household's affordability, and is not an absolute value of health expenditure [1] . More specifically, it includes not only significant financial burdens on household finances due to high medical expenses but also those caused by a smaller amount. That is, even if medical expenses are high, they cannot be defined as catastrophic health expenditure if there is no financial burden. In general, catastrophic health expenditure is analyzed per household and calculated using total income or consumption expenditure, which is a household's payment capacity, as the denominator and health expenditure as the numerator [2, 3] . However, with researchers using different approaches to set payment capacity and a threshold to calculate catastrophic health expenditure, the literature lacks a unified threshold that determines the occurrence of catastrophic health expenditure. For instance, Xu et al. defined a household's payment capacity as income excluding minimum living expenses, thus applying a 40% threshold [4] [5] [6] . Wagstaf and van Doorslaer, on the other hand, applied various thresholds, such as 10, 15, and 25%, and defined a household's payment capacity as household income excluding food expenditure [7, 8] . Payment capacity has even been described as total household income including food expenditures; in this case, a lower threshold is applied given the possibility of underestimating catastrophic health expenditure because of a large denominator [9, 10] . According to the World Health Organization (WHO), catastrophic health expenditure is incurred if health expenditure accounts for at least 40% of payment capacity and this definition may vary by each country's healthcare policy [11] .
Therefore, to the effect of payment capacity and threshold, studies on catastrophic health expenditures must select suitable methods on the basis of data characteristics [12] . Given the rapid increase in healthcare utilization and expenditures by cancer patients, numerous studies have explored catastrophic health expenditure; however, most of them focus on low-income households [13, 14] . Moreover, there is insufficient research on catastrophic health expenditures incurred by cancer patients, who are highly likely to suffer considerable expenditure burdens [15, 16] .
A key limitation of previous studies is their analyses of cross-sectional data from a specific viewpoint. This constrains researchers in identifying absolute effects on the determinants of catastrophic health expenditure. Compared to time-series and cross-sectional data, a panel data model provides more useful information. Therefore, this study examines the determinants of catastrophic health expenditure by households with cancer patients by conducting a panel analysis of three-year data.
Materials and Methods

Study Participants
This study adopts raw data by the Korea Health Panel, which comprises the National Health Insurance Service and Korea Institute for Health and Social Affairs. For the purpose of this study, we use data for 2012-2014 and households with cancer patients, not individual household members, as the unit of research. Since a balanced panel was formed including households with cancer patients that responded to all Korea Health Panel for years 2012-2014 (seventh-ninth survey data), any change to the sample is likely to have insignificant effects on this study's results. A total of 1380 households with members who have cancer and availed of emergency, outpatient, and inpatient services were considered subjects of this study.
Catastrophic Health Expenditure
This study defines payment capacity, the denominator of catastrophic health expenditure, as total family expenditure excluding food expenditure, which is the most widely used index. We use as the numerator a household's annual household health expenditure, which includes all emergency, outpatient, and hospitalization services. To calculate the occurrence of catastrophic health expenditures, this study adopts the threshold approach for the distribution of medical expenses issued by the WHO and methodology of catastrophic health expenditure. Catastrophic health expenditure occurs if the proportion of medical expenses compared to payment capacity exceeds the defined level. However, studies compare characteristics using multiple standards for thresholds and thus, there is no consensus regarding the threshold for catastrophic health expenditure. Therefore, this study sets the thresholds of 10, 20, and 40% to define the occurrence of catastrophic health expenditure.
Independent Variables
Independent variables are categorized into demographic characteristics as well as medical security and factors of chronic diseases. Demographic characteristics include a householder's gender, age, education level, employment type, and income. Age is classified into 30s or below, 40s, 50s, 60s, and 70s or above. Education levels are elementary school graduate or lower, high school graduate or lower, and two-year college or higher. Employment type is divided into economic and non-economic activities and the latter comprises unpaid workers and unemployed persons. For households' income level, current income is substituted using its natural logarithm. For type of medical security, health insurance includes households with National Health Insurance, which are further divided into workplace subscribers and local subscribers. Medical care includes types 1 and 2. Factors of chronic diseases are classified into number of householders with chronic illness within the family. Table 1 presents the variables and handling methods employed in the analysis. 
Variable
Handling Method
Dependent variable
Catastrophic health expenditure 0 = no, 1 = yes
Independent variable
Gender 0 = male, 1 = female 
Statistical Analysis
First, we conduct a frequency analysis to examine the general characteristics of households with cancer patients by year and occurrence of catastrophic health expenditure. Second, we perform a cross-tabulation analysis to investigate the annual incidence of catastrophic health expenditures. Third, we analyze the conditional transition probability to determine the probability of catastrophic health expenditure re-occurring in the next year for households that incurred expenditures in the current year. Furthermore, we conduct a panel logit analysis to identify the determinants of catastrophic health expenditure in households with cancer patients. The panel logit analysis is performed when the dependent variables are two parameters and the error term ui in the equation shows heterogeneity, which changes as per the panel entities. However, we assume that it has a persistent feature that does not change with time in a single panel entity and the error term e it follows logistic distribution. The random effects model assumes that u it follows the probability distribution and it can be generally applied under this assumption when survey data are collected using a probability sample. Fourth, we perform a panel analysis to examine the factors affecting overall health expenditures in households incurring catastrophic health expenditures at the threshold level of 20%. Stata SE ver. 13.0 program (Stata Corp., College Station, TX, USA) was used for all analyses.
Results
Sample Characteristics
In this section, we present the general characteristics of households with cancer patients by year ( Table 2 ). The analysis subjects include 1380 households with cancer patients that responded to all surveys for years 2012-2014 (seventh-ninth survey data). Of these, 85.0% are male householders and 15.0% are female. In addition, 76.1% of householders were married in 2012, although this rate gradually decreased to 74.1% by 2014. As for education level, 40.9% were college graduates, 21.7% were elementary school graduates or lower, and 37.4% were high school graduates or lower. In terms of employment status, the rate of householders engaged in economic activities gradually decreased from 60.0% in 2012 to 58.9% in 2014. On the other hand, the rate of householders who were economically inactive (e.g., unemployed workers) increased from 40.0% in 2012 to 41.1% in 2014. The number of family members decreased from 2.36 in 2012 to 2.29 in 2014 and income level (substituted by its natural logarithm) increased from $ 28.99 thousand in 2012 to $ 31.15 thousand in 2014. As for type of medical security, the rate of households with National Health Insurance increased from 73.0% in 2012 to 74.3% 2014 and approximately 6% benefited from medical assistance. Households without private health insurance increased from 53% in 2012 to 54.6% in 2014, whereas those with insurance decreased from 47.0% to 45.4%. About 89.6% of households had two members with a chronic disease and 10.4% had one such member (10.4%). Table 4 presents the results of the transition probability analysis on the occurrence of catastrophic health expenditure as per the current status of cancer householders. We find a 76.1% possibility that households without catastrophic health expenditure in the current year will have no such expenditure in the next year. However, there is an approximately 24% chance that the possibility of incurring catastrophic health expenditure will be at least 10% in the next year. In addition, the analysis reports a 55% possibility that households with at least 40% health expenditure compared to the current solvency will be at the 10% threshold level in the following year. Table 4 .
Transition Probability Analysis of Catastrophic Health Expenditure in Cancer Households
Results for transition probability analysis of catastrophic health expenditure in cancer households. Table 5 lists the result for the transition probability analysis on the occurrence of catastrophic health expenditure by household characteristics. There is about a 20% possibility that households without catastrophic health expenditures may incur such expenditures in the following year when the householder is male; however, this probability increases to 30% for a female householder. Those in the older age groups are more vulnerable to the occurrence of catastrophic health expenditures. Furthermore, householders with a spouse are less likely to incur catastrophic health expenditures in the following year, even though they did not suffer such expenses in the current year. However, the recurrence probability in the following year is higher at the 40% threshold level. As for education level, if a householder is an elementary school graduate or lower and did incur catastrophic health expenditure in the current year, there is about a 32% probability of such expenditures occurring in the following year and this rate decreases with an increase in education level. In the case of an economically active householder, the probability of catastrophic health expenditures is lower than the probability for economically inactive households. Finally, households with National Health Insurance report a 23% probability of incurring catastrophic health expenditures in the following year and not in the current year, which is higher than the probabilities for the beneficiaries of medical care (17%). In addition, there is an 18% probability of incurring catastrophic health expenditure in the following year, even though there is no expenditure in the present year, among households with private health insurance; on the other hand, the probability for those without private insurance is 32%.
Determinants of Catastrophic Health Expenditure Occurrence
Prior to the analysis, we conducted a correlation analysis of the independent variables to examine for multicollinearity among them. We find no coefficient that is 0.7 or higher, indicating the lack of multicollinearity among variables. Furthermore, we performed a panel logit analysis on 1380 households with cancer patients to highlight the factors determining the occurrence of catastrophic health expenditure at the 10, 20, and 40% threshold levels (Table 6 ). First, the probability of catastrophic health expenditures is 1.4 times higher in households with female householders than male households at the 10% threshold level (p < 0.001). At the 20% threshold level or higher, there is no significant difference in probability by gender of householder. We also find a significant difference in probability at all threshold levels with an increase in age (p < 0.05). In particular, at the 40% threshold level, the probability gradually increased by age group from 2.16 times for 30 s or below to 2.95 times for 70 s or above. Households with spouses showed a higher probability at all threshold levels compared to those without spouses. Further, with an increase in threshold, the probability for households with spouses increased 1.97 times, 2.11 times, 2.52 times, and 2.94 times. As for education level, elementary school graduates or lower showed a lower probability at all threshold levels. As for households with higher income, the probability decreased 0.84 and 0.88 times at the 10% and 40% threshold levels. In terms of medical security, households receiving medical care reported a lower probability at all threshold levels than those with National Health Insurance. Households with private health insurance had a lower probability at all threshold levels than those without insurance. Finally, the number of household members with a chronic disease had a significant effect: those with a greater number of members with chronic diseases showed an increased probability of 2.18, 1.91, and 1.74 times for the three threshold levels. The Hausman test of fixed and random effects is rejected at the 1% significance level with probability > chi 2 = 0.012. "Coef (SE)" denotes coefficient (standard error) and "OR" is odds ratio. *p < 0.1, **p < 0.05, ***p < 0.01.
Discussion
With the constantly increasing number of cancer patients, the burden of out-of-pocket payments for both individuals and households is growing in Korea. To protect households from excessive health expenditures, the Korean government is implementing various health and medical policies. Accounting for this social and policy trend, this study conducted a panel analysis on the effects of demographic characteristics on the occurrence of catastrophic health expenditures in households with cancer patients. More specifically, we first performed a transition probability analysis to determine the occurrence probability for the following year when no catastrophic health expenditure occurred in the current year. The results revealed that, in general, households that incurred catastrophic health expenditures once were more likely to experience a recurrence in the following year. Furthermore, householders who were male and among older age groups showed a higher possibility of incurring catastrophic health expenditures, whereas this possibility was lower for householders with high education levels and those economically active. The probability was also higher for households with National Health Insurance than those receiving medical care benefits, which suggests that the level of medical security for those with National Health Insurance is insufficient compared to that of households with medical care benefits. Households with private health insurance have a less than half probability of incurring catastrophic health expenditures than those without insurance.
Next, we conducted a panel logit analysis to examine the factors determining the occurrence of catastrophic health expenditure by threshold level and found that the results were consistent with those of the transition probability analysis. However, while the determinants were generally similar between both analyses, they varied by threshold. More specifically, female householders reported a relatively lower probability than male householders [17, 18] . Furthermore, the probability was higher among older age groups, indicating that the vulnerability to incurring catastrophic health expenditures increases with age. Householders with spouses showed a higher probability than those without [19] [20] [21] . According to the Andersen behavioral model, marital status is a predisposing factor that affects the use of medical services: the likelihood of using medical services decreases in the absence of a spouse owing to limited information or time constraints [22, 23] . Higher education levels result in a low incidence of catastrophic health expenditure, which is consistent with the results of previous studies [13, 24, 25] . In addition, the incidence is low for households with high income and this is in line with the findings of most previous studies [25] [26] [27] [28] .
The higher probability of catastrophic health expenditure in households receiving medical care benefits suggests that these households have relatively low medical security, which is consistent with existing findings. Sohn et al. proved that this probability is almost four times higher in the group with health insurance than that with medical care; this is because the former have relatively weak security, whereas the government covers most of the health expenditures for the latter. Those with private health insurance report a lower probability than those without private insurance, suggesting that private health insurance complements National Health Insurance [15, 20, [29] [30] [31] . Private health insurance is expanding into various forms and can be considered a positive intervention to prevent unexpected risks. However, it is necessary to reconsider its role if it is due to the poor performance in the public sector [32] .
The factors determining the occurrence of catastrophic health expenditure can be referenced in creating healthcare policies for households with cancer patients. The results of our study offer the following implications. First, it is necessary to promote policies that offer insurance premium support for subscribers of National Health Insurance and increase benefits for the near-poverty group. Many subscribers of National Health Insurance belong to poverty and near-poverty groups who do not receive benefits from the National Basic Livelihood Security System (NBLSS) because they fail to meet the requirements for persons under duty to support and the standard of property. To elaborate, they have the same income levels and living standards as those of the NBLSS' recipients; however, they do not qualify for various benefits because they are not eligible beneficiaries. In addition, many of them are in the dead zone of health insurance because of failure to pay their premiums in time. This reiterates the importance of insurance premiums support for low-income groups so that they are guaranteed minimum medical services.
Furthermore, there is a need to expand the scope of special cases in health insurance so that they are exempted from out-of-pocket payments for medical services and improve medical security for low-income groups. It is noteworthy that the incidence of catastrophic health expenditures is low among households with private health insurance [33] . In other words, private health insurance seems to be achieving its original goal of protecting households from excessive health expenditures. Since a majority of insurance holders are households with sound financial capabilities or relatively high income, the incidence of catastrophic health expenditure is likely to be lower. Therefore, it is necessary to discuss the role of private health insurance as complementary in expanding the role of National Health Insurance. Third, to guarantee accessibility to health services among the poor strata with high catastrophic health expenditures and significantly unmet medical needs compared to income, it is necessary to ease or discontinue legal out-of-pocket payments for medical care. The beneficiaries of type-2 medical care incur 10% of the legal out-of-pocket payment for hospitalization and $1.3 to 15% for outpatient services. By contrast, the use of services under private health insurance is strictly limited, which emphasizes the need to increase accessibility. Furthermore, type-2 beneficiaries are defined as conditional beneficiaries who are able to work and categorized as the absolute poverty group under the National Basic Living Security Act; however, a majority of individuals in need of medical services are patients who cannot work because of their illness. In addition to the lack of proper treatment owing to loss of income, they face difficulties such as legal out-of-pocket payments that restrict their use of medical services. A possible solution is lowering the level of legal out-of-pocket payments for type-2 beneficiaries to that of type-1 beneficiaries. Furthermore, the burden of medical expenditures continues to grow with numerous cases ineligible for benefits. This warrants improvements in the system such that out-of-pocket payments for the use of medical services are reduced.
Conclusions
This study offers key insight into the factors determining the occurrence of catastrophic health expenditure in households with cancer patients. However, despite its contributions, it is not free from limitations. First, this study compiled balanced panel data including householders who responded to all panel surveys for years 2012-2014 (seventh-ninth survey data). However, studies using unbalanced panel data reflecting changes in samples may produce different results. Second, this study failed to clarify differences in the occurrence of catastrophic health expenditure in cancer households on the basis of patient condition (stage of cancer). Future research is, thus, needed to address these limitations along with follow-up studies that can mitigate these shortcomings.
